Background. PD patients present high incidence of pain with unknown pathogenesis. Objective. We investigated the relation of COMT polymorphisms rs4633 and rs6267 with PD pain. Subjects and Methods. One hundred PD patients and 105 controls were evaluated with simplified Mc GILL pain scale and VAS scale. PD patients were assessed with H&Y grade, UPDRS score, and HAMD scale. Polymorphisms rs4633 and rs6267 were detected by PCR and direct sequencing. Results. Fifty-seven percent of PD patients experienced pain, consisting of PD-related pain (64.91%) (the majority was dystonia pain) and non-PD-related pain (35.09%) (psychogenic pain was most frequent). The frequency of rs6267 genotype "GT/TT" and allele "T" was higher in PD pain. No difference was observed in frequencies of rs4633 between PD pain and without pain. UPDRS and depression score were higher in PD pain. The onset age was earlier in PD-related pain (57.43 ± 19.71) than non-PD-related pain (63.36 ± 6.88). Conclusion. PD patients possess a high prevalence of pain. Dystonia pain was the most frequent type of PD-related pain. COMT gene rs6267 allele "T" associated with PD pain. PD pain was influenced by disease severity and depression. PD onsets earlier in patients with PDrelated pain than non-PD-related pain.
Introduction
Patients with Parkinson's disease (PD) present a reduction of pain threshold [1] and high incidence of pain [2, 3] . The pathogenesis of pain remains unclear; it may be affected by genetic factors. The pain and analgesic sensitivity tests found that genetic factors accounted for 28-76% [4] ; pain response has been confirmed to associate with gene polymorphism through pressure stimulation, thermal stimulation, electrical stimulation, and ischemia [5] . More than 600 genes are associated with pain. PD is characterized by reduced dopamine. At the same time, monoamine (norepinephrine and 5-hydroxytryptamine) showed abnormal metabolism [6] . While monoamine is an important neurotransmitter that regulates pain, PD pain is partially the result of monoamine system abnormalities [7] .
Catechol-O-methyltransferase (COMT) is an important metabolic enzyme of monoamine and its gene polymorphism is related to the occurrence of pain [8] [9] [10] . COMT gene mutation may induce decrease of COMT enzyme thermostability and activity and then degradation of dopamine decrease.
These lead to overactivation of dopaminergic system, reducing endogenous enkephalin levels, and then compensatory increase of -opioid receptor capacity, increasing glutamate, and P substances release, enhancing afferent nociceptive impulse, and ultimately tolerance to pain decreased and pain sensitivity increased [11, 12] . Diatchenko et al. have detected the haplotypes consisting of COMT rs6269, rs4633, rs4818, and rs4680 polymorphisms: low-pain-sensitive haplotype (LPS: G C G G), average-pain-sensitive haplotype (APS: A T C A), and high-pain-sensitive haplotype (HPS: A C C G). COMT activity in low-pain-sensitive haplotype is 4.8 times of the average-pain-sensitive haplotype and 11.4 times of the high-pain-sensitive haplotype [13, 14] . Since these haplotypes may be associated with susceptibility to PD, also affect therapeutic effect of levodopa on PD, and produce complications [15] , thus the role of COMT on PD pain is worthy of following with interest. Among the pain-associated genetic polymorphisms, rs4633 showed allele C in the lowand high-pain-sensitive haplotypes and it did not change with the altered sensitivity of pain and thus its contribution to pain remains elusive. While COMT rs6267, adjacent to rs4633, was considered to associate with pain [16] , there are no reports addressing these two polymorphisms on the PD pain. This study was performed to explore the correlation between COMT gene polymorphisms rs6267 and rs4633 and PD pain.
In addition to genetic susceptibility, age, sex, depression, and UPDRS score, L-Dopa medication also affect the occurrence of pain [17, 18] . These factors together with gene may lead to pain in PD. It was reported that female had lower pain threshold than male [19] . It may be the reason that the prevalence of pain was higher in female than male. Patients with depression showed disorders in 5-HT and norepinephrine pathway which were congenerous transmitters of pain. Likewise, L-Dopa medication interferes with monoamine systems. It makes up one of the pain reasons in PD. All of these indicate that pain is multifactorial and heterogeneity in PD patients. So these clinical factors were included in this study and we hope that it can provide further insight to PD pain and give evidence for treatment.
Subjects and Methods
One hundred patients, 51 males and 49 females, aged 34-85 years (average 65.84 ± 9.92), were included in this study. Patients were diagnosed as idiopathic PD according to the diagnosis criteria of Brain Bank of British Association of PD (UK), with MMSE score ⩾ 24. No case had undergone stimulation of deep brain electrodes. PD patients had received L-Dopa for 0.5-9 years. The duration of L-Dopa medication was recorded as "0" if the patient did not receive L-Dopa. The disease severity was evaluated with Hoehn and Yahr (H&Y) grade and the unified PD rating scale (UPDRS), and mental state of patients was assessed with the Hamilton depression rating scale for depression. At the same time, 105 healthy aged volunteers were recruited as controls, including 63 males and 42 females, aged 28-81 years (average 60.32 ± 11.01), excluding PD and Parkinson's syndrome. Pain lasting for more than one month can be clearly identified as the accompanying symptom. Pain types were assessed with the simplified Mc GILL pain scale. The degree of pain was quantified by visual analogue 10-point scale (VAS). PD patients were divided to PD with pain and without pain according to this concept; based on the relation of pain with disease, PD patients with pain was classified as PD-related pain and non-PD-related pain according to the Ford classification [20] .
Genomic DNA was extracted with phenol extraction method, and COMT gene polymorphism was determined with PCR and direct sequencing methods (sequencing was performed by SinoGenoMax, Chinese national human genome center, Beijing). The reaction system of PCR was totally 25 L, including 0.5 L DNA template, 0.5 L primers, 2 L dNTP, 2.5 L buffer, and 0.25 U Taq DNA polymerase. Annealing temperature was 60.9 ∘ C, and extension temperature was 72.0 ∘ C. Primers were designed as follows: forward 5 CAT TTC TGA ACC TTG CCC CTC 3 ; reverse 5 CCT GTC CCA GAG CTG AGC ACC 3 [21] .
Data was analyzed by SPSS18.0. Binary logistic regression was used in assessing the correlation between COMT genotype and pain among PD patients, as well as in analyzing PD-related pain, and covariates were age, sex, onset age, duration of disease, duration of L-Dopa medication, and UPDRS. Allele frequencies were compared with chi-square test. The influencing factors of PD pain and PD-related pain were analyzed using analysis of variance of factorial design. value was corrected by false discovery rate (FDR) (aF = PiN/i) or Bonferroni correction. The study was approved by the local ethical committee, and all patients gave written informed consent.
Results

Clinical Data.
Among the involved 100 PD patients, 57 cases (57%) reported pain and their average age was 65.47 ± 9.81 years, including 25 males (43.9%) and 32 females (56.1%); other 43 cases were not accompanied with pain, with an average age of 66.33±10.17 years, including 26 males (60.5%) and 17 females (39.5%). In the control group, there were eight cases with pain (7.6%): arthralgia in five cases, sciatica in one case, gout in one case, and pain caused by surrounding tissue necrosis in one case.
Among the 57 PD patients who reported pain, 37 cases were PD-related pain (64.91%) (Figure 1 ): skeletal muscle pain in six cases, dystonia pain in 31 cases (hypermyotonia and/or reverse position), arthralgia in one case (no joint image changes), testicular pain in one case, headache in one case, and unexplained systemic unbearable pain in one case, which are considered central pain; the remaining 20 cases were non-PD-related pain (35.09%): psychogenic pain in 12 cases (60%), radicular pain in six cases, peripheral neuropathic pain in one case, and arthritis-caused joint pain in one case (Figure 2 ). 
Distribution of COMT rs4633 and rs6267 in PD and
Correlation between COMT rs4633 and rs6267 and PD
Pain. The correlation between polymorphisms and pain were analyzed according to autosomal dominant and recessive mode of inheritance, respectively. The frequency of rs6267 variant genotypes "GT/TT" (Table 1 ) and variant allele "T" (Table 2 ) was higher in PD patients with pain than patients without pain, if this polymorphism was autosomal dominant inherited; there were no statistic difference if rs6267 was autosomal recessive inherited, while rs4633 genotype and allele frequencies showed no significant difference between PD patients with and without pain, whether it was autosomal dominant or recessive inherited.
3.4.
Correlation between COMT rs4633 and rs6267 and PDRelated Pain. As to PD patients with pain (55 cases), 35 cases showed PD-related pain, 20 cases showed PD-unrelated pain (non-PD-related pain). The rs6267 and rs4633 genotype frequencies showed no significant difference between PDrelated and non-PD-related pain group (Table 3) , so the allele was not calculated.
Factors Influencing Pain in PD Patients.
Clinical risk factors were included in this study; they are age and onset age of PD, course of disease, duration of L-Dopa medication, and depression and UPDRS scores (Table 4 ). Statistical analysis showed that UPDRS and depression scores were significantly different between PD patients with pain and without pain (after Bonferroni correction). There were no significant differences in the age, onset age of PD, disease duration, and duration of L-Dopa medication between the two groups. Further analysis about PD-related pain, results showed that patients with PD-related pain displayed earlier onset age of PD than non-PD-related pain group (after Bonferroni correction). No statistic difference was found in age, duration of PD, duration of L-Dopa application, depression score, H&Y score, and UPDRS between these two group, and there was also no difference in duration of pain and VAS pain score (Table 5 ).
Discussion
Understanding the nonmotor symptoms of PD patients allows further attention on the pain. The prevalence of pain in general population is 0.1-0.3% [22] and increases in individuals aged ⩾65 years [23] . In this study, 57% of PD patients complained about pain, with the prevalence being significantly higher than the control group (7.6%). Pain in PD patients presents a series of complex clinical manifestations, so that there is no uniform objective criterion for classification, which currently depends on the patient's description; in addition, several pain categories often overlap to each other. Our findings indicated that dystonia pain was dominant in PD-related pain (64.91%), followed by skeletal muscle pain. This was inconsistent with previously reported that musculoskeletal pain accounted for 70% and dystonia for 40% [24] . The difference may be explained by variations of the study population; patients gave vague descriptions of pain, and researchers gave different judgments towards the pain. The non-PD-related pain is primarily psychogenic pain; even though it is regarded that the pain is not linked to PD, the pain type is still different with pain in control group (while it is mainly joint pain in the control group). It indicates that non-PD-related pain still has flavor of PD and the criteria may be arbitrary which have been used to subdivide pain as PDrelated and non-PD-related pain.
COMT gene rs4633 polymorphism is associated with susceptibility to PD [25] . rs4633 polymorphism participates in variable pain-sensitive haplotype (LPS, APS, and HPS). rs4633 showed allele C in LPS and HPS haplotypes, while it showed allele T in APS haplotype. COMT gene polymorphisms may be inherited through an autosomal dominant or recessive trait. In this study, rs4633 genotype and allele frequencies showed no significant difference between PD patients with pain and without pain, either according to autosomal dominant or recessive mode of inheritance as well, and no difference was found about frequencies of rs4633 genotypes between PD-related pain group and non-PDrelated pain group. This suggests that rs4633 is unrelated to pain in PD patients. The role of rs4633 in different COMT Table 5 : Factors between PD-related pain and non-PD-related pain.
PD-related pain ( = 35)
N o n -P D -r e l a t e dp a i n( = 20) haplotypes remains unclear and deserves further studies; at least it contributes little to the pain sensitivity.
COMT gene rs6267 is missense mutation, which encodes the serine (Ser) instead of alanine (Ala). This missense mutation leads to change of RNA secondary structure; then COMT enzymatic activity decreased, thus being highly sensitive to pain [16] . In this study, rs6267 variant genotype "GT/TT" and variant allele "T" were frequently distributed in PD patients with pain, comparing to patients without pain; it is based on autosomal dominant inherited trait. It indicates that rs6267 associated to pain in PD. It confirmed that the low activity of COMT affects pain pathway. The mechanisms may be induced by abnormal metabolisms of monoamine in stratum [26] , or spinal nociception pathway. On the other hand, there was no statistic difference if rs6267 was inherited by recessive mode. This statistic result may be affected by sample size, so further investigation was needed in expanding the number of subjects.
It is reported that positive relation had been found between PD pain and sex, age, depression, and disease severity [27, 28] , but the converse results are also reported [29, 30] . In order to exclude the influence of clinical factors on pain, we applied age, sex, onset age of PD, duration of disease, duration of L-Dopa medication, and UPDRS as covariates when statistic analysis was performed on COMT polymorphisms. Furthermore, we applied analysis of variance of factorial design to analyze the correlation between pain and clinical factors. The results showed that UPDRS scores were greater in PD group with pain ( < 0.05 after Bonferroni correction); thus it is regarded as a risk factor for PD pain. The higher UPDRS score indicated the higher prevalence of pain. UPDRS score indicates disease severity. The disease may induce pain through central and peripheral mechanisms. Central mechanism may be explained by the exacerbation of abnormal metabolism of monoamine, affecting the medial and lateral pain pathways. Peripheral mechanisms include peripheral neuropathy, muscle contraction, and fasciitis.
Chou [31] suggested that depressive patients may show pain within two years; while patients with a sense of pain may develop depression after two years. This is because 5-hydroxytryptamine and noradrenalin are the neurotransmitters for both pain and depression. Depressive patients may present a reduction of sensitivity to exogenous pain stimuli and an increase of sensitivity to endogenous pain [32] . Depression was more frequently seen in PD patients, and our findings showed that depression is a risk factor for PD pain. COMT gene polymorphism has been reported to be associated with depressive mood [21, 33] . There may be complex relation among PD, depression, and COMT gene.
As to the patients with pain, two group were identified as PD-related and non-PD-related pain. These two groups had no difference in frequencies of COMT rs6267 and rs4633. The distributions were similar between PD-related and non-PD-related pain including age of patients, duration of PD, duration of L-Dopa application, depression score, H&Y grade, and UPDRS. There were no difference in pain duration and VAS pain score. The only difference occurs in onset age of PD ( = 0.031) and earlier onset age appeared in patients with PD-related pain. It means that the patients may be liable to experience PD-related pain, if he (she) gets PD in relative younger age. The reason is unclear; it needs more information to classify PD-related pain from non-PD-related pain.
In summary, 57% of PD patients experienced pain in this study, while 7.6% of controls had pain. 64.91% of patients with pain were classified as PD-related pain. Dystonia pain was the main part of PD-related pain; 35.09% was non-PD-related pain and psychogenic pain was most frequent. COMT rs6267 genotype "GT/TT" and allele "T" were more frequent in PD patients with pain. Patients with pain showed higher UPDRS score and depression score compared with patients without pain. The patients with PD-related pain showed earlier onset age of PD.
Conclusion
PD patients possess a high incidence of pain including PDrelated pain and non-PD-related pain. Dystonia pain was the most frequent type of PD-related pain. COMT gene rs6267 allele "T" associated with pain in PD patients. Pain in PD was influenced by disease severity and depression. PD onset age was earlier in patients with PD-related pain than non-PD-related pain.
